INTRODUCTION
The goal in treating patients with diabetes mellitus is to prevent the development of complications by adequately controlling blood glucose level.
Sodium-glucose cotransporter 2 inhibitors (SGLT2is) improve glucose tolerance by suppressing renal glucose reabsorption without direct pharmacological action on pancreatic b-cells 1, 2 . Several clinical trials have shown that SGLT2is improve not only glycemic control, lowering the risk of hypoglycemia, but also features of metabolic syndrome through the reduction of visceral fat 3, 4 . Furthermore, it has recently been shown that SGLT2is reduce secondary cardiovascular events and protect kidney damage in patients with type 2 diabetes 5, 6 . Thus, SGLT2i is an established treatment for patients with type 2 diabetes and with established atherosclerotic cardiovascular disease, and their use is recommended in the American Diabetes Association "Standard of Medical Care in Diabetes" due to their effect of reducing major adverse cardiovascular events and of improving mortality 7 . Historically, sulfonylureas have been extensively used for the treatment of type 2 diabetes and are considered to exert the strongest glucose-lowering effect among the oral antidiabetic drugs 8 . Despite their low cost and effective glycemic control, they might be associated with weight gain and hypoglycemia 9 .
In addition, the diminution of b-cell function during the course of type 2 diabetes decreases the effectiveness of sulfonylureas 10 . Thus, patients failing to achieve glycemic control with a sulfonylurea require combination treatment to maintain adequate control of blood glucose levels or should switch to another antidiabetic drug. Previous studies have shown that dapagliflozin is an effective add-on combination treatment with glimepiride, although hypoglycemic events occur more frequently than glimepiride monotherapy 11 . Furthermore, a head-to-head trial of SGLT2i and sulfonylurea showed that SGLT2i reduced weight loss and hypoglycemia, and improved glycated hemoglobin (HbA1c) to a greater extent than sulfonylurea did 4, 12 .
When patients with type 2 diabetes need to improve not only glycemic control, but also body mass, other metabolic parameters, kidney function or cardiovascular risk, SGLT2i is often considered as add-on treatment. However, no study to date has investigated the effect on glycemic control and safety of discontinuing sulfonylurea compared with maintaining lowdose sulfonylurea when adding SGLT2i in patients with type 2 diabetes. Although switching from sulfonylurea to SGLT2i is associated with less frequent hypoglycemia, some patients fail to achieve adequate glycemic control following discontinuation of sulfonylurea. It would therefore be beneficial to identify the patient characteristics that determine the outcome of discontinuing sulfonylurea or adding SGLT2i.
We carried out a multicenter, prospective study among patients with type 2 diabetes who had been treated with sulfonylurea and required SGLT2i to compare the efficacy and safety of discontinuing sulfonylurea or maintaining it at the lowest dose. Furthermore, we sought to determine the patient characteristics associated with maintenance of glycemic control when discontinuing sulfonylurea treatment and adding SGLT2i.
METHODS

Study population
The present study included Japanese patients with type 2 diabetes undergoing outpatient treatment at 14 medical institutions from February 2015 to July 2017. All participants provided written informed consent before study enrolment. The inclusion criteria were as follows: type 2 diabetes and aged between 20 and 75 years, HbA1c level between 6.5% and 8.5%, and receiving sulfonylurea therapy (glimepiride ≥1 mg/day, gliclazide ≥40 mg/day or glibenclamide ≥1.25 mg/day) for at least 12 weeks before enrolment. Further criteria included body mass index (BMI) ≥22 kg/m 2 and estimated glomerular filtration rate ≥45 mL/min/1.73 m 2 . We excluded individuals with unstable diabetic retinopathy, serious liver dysfunction, renal failure and heart complications, and those who were pregnant, lactating or had insufficient endogenous insulin secretion (defined as fasting C-peptide <0.5 ng/mL). The present study was registered with the University Hospital Medical Information Network Center (UMIN000016347) before enrolment, approved by the institutional review board of Hokkaido Hospital and was carried out based on the Declaration of Helsinki.
Protocol
This was a 24-week, multicenter, prospective, parallel-group, observational study. After starting ipragliflozin (50 mg/day), participants either remained on glimepiride or gliclazide, but reduced to the lowest dose of 0.5 mg/day or 20 mg/day, respectively (Low-dose group), or discontinued sulfonylurea treatment (Discontinuation group) according to the physician's decision. Propensity score matching was used to reduce the bias that might result from confounding factors before comparing the groups. Sulfonylurea and any other antidiabetic drugs were continued at a constant dose from enrolment to the end of the treatment period. However, insulin could be reduced where there was a risk of hypoglycemia.
The primary outcome of the present study was the proportion of patients with non-exacerbation of HbA1c, defined as a change in HbA1c ≤0.3% from baseline to week 24 after the addition of ipragliflozin as described in the guidance of the Food and Drug Administration, which specifies a non-inferiority margin for HbA1c of 0.3% or 0.4% 13 . Secondary end-points were changes in body mass, abdominal circumference, fasting plasma glucose, HbA1c, homeostasis model assessment of insulin resistance, homeostasis model assessment of b-cell function, lipids, liver function and renal function. Data were collected after an overnight fast at baseline and at 24 weeks of observation.
Statistical analysis
The primary and secondary end-points were analyzed based on the intention-to-treat principle. We calculated propensity scores for the likelihood of discontinuing or maintaining sulfonylurea at the lowest dose as add-on to ipragliflozin using baseline covariates in a multivariate logistic regression model. Covariates used in the propensity score included age, BMI, fasting plasma glucose, HbA1c, aspartate aminotransferase, alanine aminotransferase, high-density lipoprotein cholesterol (HDL-C) and sulfonylurea dose (converted glimepiride dose). In calculating the sulfonylurea dose, we considered 1 mg glimepiride to be equivalent to 40 mg gliclazide or 1.25 mg glibenclamide, as previously reported 14, 15 . Patients were matched 1:1 within 0.05 caliper widths of the pooled standard deviation of the logit of propensity scores. Results were expressed as mean -standard deviation. Differences in baseline characteristics between the groups were compared using a v 2 -test or an unpaired t-test. We also used a paired t-test or a McNemar test for pre-and post-treatment comparisons. A group comparison of the differences in mean changes was carried out using an unpaired t-test. The relationship between change in HDL-C and BMI was assessed using Pearson's correlation coefficients. Multivariate analyses were carried out using logistic regression to identify factors independently associated with the outcomes. A receiver operating characteristic (ROC) curve analysis was used to define the cut-off values indicative of non-exacerbation of HbA1c in the Discontinuation group. P-values <0.05 were considered to denote statistical significance. Statistical analysis was carried out using JMP Pro version 13 (SAS Inc., Cary, NC, USA).
RESULTS
Baseline characteristics of patients A total of 200 patients (144 men and 56 women) were enrolled in the study and assigned to either the Discontinuation group or the Low-dose group. Two patients were subsequently found not to meet the study criteria, and nine patients withdrew from the study before completion. The reasons for non-completion were withdrawal of consent (n = 5) and side-effects of test medications, including pruritus, rash, genital infection, palpitation or pollakiuria (n = 4; Figure 1 ). A total of 189 patients completed the study (Discontinuation group, 99 patients; Lowdose group, 90 patients). Baseline characteristics of the 200 patients in the Discontinuation and the Low-dose groups are compared in Table 1 . In the unmatched cohort, the Discontinuation group showed lower age, and higher estimated glomerular filtration rate and HDL-C compared with the Low-dose group. After 1:1 propensity score matching, 55% and 62% of patients in the Discontinuation and the Low-dose groups, respectively, were retained in the matched cohort (58 patients in each group). After matching, the Discontinuation and the Low-dose groups were adequately balanced in all the clinical characteristics (P-value >0.05 for all comparisons). The average age, BMI, HbA1c and sulfonylurea dose of participants were 58.8 years, 27.7 kg/m 2 , 7.57% and 1.4 mg/day, respectively (Table 1) .
Outcomes
In the matched cohort, the proportion of patients with nonexacerbation in HbA1c was significantly higher in the Low-dose group (91.4%) compared with the Discontinuation group (75.9%, P = 0.024; Figure 2 ). HbA1c levels were significantly decreased in the Low-dose group compared with the Discontinuation group(-0.33 -0.51% vs 0.08 -0.65%, P < 0.01, respectively). However, blood pressure was significantly decreased only in the Discontinuation group (Table 2) . Bodyweight, BMI, waist circumference, uric acid and liver function parameters significantly decreased in both groups, although the magnitude of the effect for bodyweight, BMI and aspartate aminotransferase was significantly greater in the Discontinuation group compared with the Low-dose group (-4.4 -2.1 kg vs -2.9 -1.9 kg, P < 0.01; -1.6 -0.8 kg/m 2 vs -1.1 -0.7 kg/m 2 , P < 0.01; and -7.3 -11.7 U/L vs -3.2 -6.6 U/L, P < 0.05, respectively; Table 2 ).
As shown in Table 3 , logistic regression analysis identified that low HDL-C, low dose of sulfonylurea and younger age were independent factors associated with the non-exacerbation of HbA1c in the Discontinuation group, after adjustments for age, BMI, HbA1c, HDL-C and sulfonylurea dose. Also, we carried out logistic regression analysis using bodyweight instead of BMI and obtained similar results (data not shown). Using a ROC analysis, the cut-off values for non-exacerbation of HbA1c in the Discontinuation group were 48 mg/dL for HDL-C, 1.0 mg/day for sulfonylurea dose and 62 years-of-age (Table 4 ). The area under the ROC curve for HDL-C, sulfonylurea dose and age were 0.78, 0.64 and 0.70, respectively (Figures 3a, S1 ). The cut-off value for HDL-C showed the largest area under the ROC curve among the non-exacerbation factors for change in HbA1c (Figure 3a) , and the specificity of the HDL-C cut-off for predicting non-exacerbation of HbA1c in the Discontinuation group was 85.7% (Table 4) .
Adverse events
In the safety analysis set, 22 events in the Discontinuation group and 20 events in the Low-dose group reported adverse events. No severe adverse events were reported in either group during the present study. The most common adverse event within both groups was hypoglycemia (7 patients [6.6%] in the Discontinuation group and 10 patients [10.6%] in the Low-dose group, respectively; Table 5 ). The majority of patients who experienced hypoglycemia in both groups had been treated with insulin (three patients [42.9%] in the Discontinuation group and four patients [40.0%] in the Low-dose group, respectively). Furthermore, the incidence of hypoglycemic episodes did not increase in either group during the study period ( Figure S2 ). Other adverse events in both groups included pruritus, pollakiuria, worsening diabetes, rash, hunger sensation, fracture or genital infection (Table 5) .
DISCUSSION
A distinctive feature of the present study was a lower dropout rate attributed to adverse events (n = 4, 2% of all enrolled patients) compared with previous studies (approximately 12%) 16 , likely because the participating physicians were familiar with the use of SGLT2i, although minor adverse events occurred at a rate of almost 20% in the present study (Table 5 ).
In the present study, we showed that the proportion of patients with non-exacerbation in HbA1c level was >90% in the Low-dose group and approximately 75% in the Discontinuation group. This indicates that glycemic control did not worsen for almost all patients who remained on the lowest dose of sulfonylurea, but that approximately 25% of patients who discontinued sulfonylurea when adding ipragliflozin failed to achieve glycemic control. As the frequency of hypoglycemia did not increase in either group ( Figure S2) , adding or switching from sulfonylurea to ipragliflozin can be considered acceptable and effective for the treatment of type 2 diabetes, especially among patients for whom body weight gain and metabolic disorders are factors influencing the choice of treatment. Maintaining sulfonylurea treatment at the lowest dose has been considered more beneficial than discontinuing it for ensuring glycemic control without increasing hypoglycemia when adding a SGLT2i. In previous studies on the addition of various types of glucose-lowing agents to high-dose sulfonylurea, the combination therapy had a beneficial effect on glycemic control with increasing hypoglycemia (~30%) 12, 17, 18 . As the present study differs from previous reports in the Values are shown as mean -standard deviation, n or %. c-GTP, c-glutamyl transpeptidase; ACR, albumin/creatinine ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DBP, diastolic blood pressure; Discontinuation group, the group that discontinued sulfonylurea; DPP-4 inhibitor, dipeptidyl peptidase-4 inhibitor; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; GLP-1 receptor agonist, glucagon-like peptide-1 receptor agonist; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; HOMA-b, homeostasis model assessment of b-cell function; HOMA-IR, homeostasis model assessment of insulin resistance; Ht, hematocrit; LDL, low-density lipoprotein cholesterol; Low-dose, the group that maintained sulfonylurea, but at the lowest dose; SBP, systolic blood pressure; T-Cho, total cholesterol; TG, triglyceride; UA, uric acid.
frequency of hypoglycemia, despite maintaining sulfonylurea treatment in the Low-dose group, our findings show that dose reduction of sulfonylurea is important to avoid hypoglycemia, and that the lowest dose of sulfonylurea is sufficient to avoid worsening of glycemic control when adding SGLT2i to sulfonylurea treatment. Thus, our observations suggest that lowdose sulfonylurea plus ipragliflozin is effective for ensuring glycemic control without increasing adverse events, including hypoglycemia. Decreased visceral fat and improvement in metabolic disorder factors, such as dyslipidemia, hypertension, hyperuricemia and fatty liver associated with the administration of SGLT2i, have been widely recognized in clinical practice 3, 19 . In contrast, sulfonylurea treatment frequently causes weight gain related to mild hypoglycemic symptoms, such as the sensation of hunger 20, 21 . Although bodyweight, BMI and aspartate aminotransferase decreased in both groups in the present study, the magnitude of the effects was significantly larger in the Discontinuation group compared with the Low-dose group. An approximately 1.7-fold reduction in bodyweight was observed in the Discontinuation group compared with the Low-dose group, likely because of the combined effects of ipragliflozin initiation and sulfonylurea discontinuation.
We showed in a logistic regression analysis that lower HDL-C was a key characteristic that could predict non-exacerbation of HbA1c when sulfonylurea was discontinued (Table 3) . Although the relationship between HDL-C level and the glycemic effect of ipragliflozin remains unclear, one possibility might be the observation that HDL-C level is lower in obese patients with type 2 diabetes 22 . In fact, HDL-C is one of the components for classification of metabolic syndrome. In the present study, HDL-C and BMI in the Discontinuation group were significantly negatively correlated (r = -0.27, P < 0.05; Figure 3b) . Similarly, beneficial effects on glycemic control have been observed with higher BMI compared with lower BMI in Japanese phase III trials of SGLT2is 23, 24 . An additional glucoselowering effect due to the improvement in insulin resistance or sensitivity is expected to be larger when SGLT2 inhibitors are administered in patients with higher BMI. Taken together, patients with type 2 diabetes who had lower HDL-C (≤48 mg/dL), lower dose of sulfonylurea (≤1.0 mg/day) and younger age (≤62 years) were more likely not to show worsening of glycemic control, and to have reduced bodyweight and improvements in metabolic disorder by switching from sulfonylurea to ipragliflozin, although further studies are required to verify this observation. Low-dose group Discontinuation group Before propensity-matching After propensity-matching Figure 2 | Proportion of patients with non-exacerbation of glycated hemoglobin (HbA1c) in the group that discontinued sulfonylurea (Discontinuation group) compared with the group that maintained sulfonylurea, but at the lowest dose (Low-dose group). Values are mean -standard deviation. P-values: mean changes from baseline to the end of the study between the discontinuation group and the low-dose group.
There were several limitations to the current study. First, the number of cases was small and the study duration was relatively short. The purpose of the present study was to explore the potential efficacy and safety of ipragliflozin with decreased versus discontinuation of sulfonylurea. Further studies in a larger sample size are required to confirm our conclusions and extend our current findings. Second, the present study was open-labeled and observational in design, which might have contributed to patient selection bias. Although we used a propensity matching approach to eliminate confounding effects in the study design, a randomized controlled study is required to the present findings. Third, although patients were carefully evaluated to detect episodes of hypoglycemia, some patients might have failed to notice hypoglycemic symptoms, and some episodes of hypoglycemia might have been missed in both groups. Continuous glucose monitoring can be used in future studies to ensure that all hypoglycemic episodes are recorded. Fourth, although sulfonylurea treatment frequently causes weight gain related to mild hypoglycemic symptoms, such as the sensation of hunger, we did not investigate food intake in the present study. Therefore, other findings related to bodyweight or glycemic change might have been affected by the level of food consumption. Finally, the present study was carried out only in Japanese patients. It is unclear whether the present results can be generalized to non-Japanese patients because of differences in bodyweight 25 and insulin secretory capacity 26 between Japanese and Caucasian patients with type 2 diabetes.
In conclusion, when adding ipragliflozin to sulfonylurea in patients with type 2 diabetes, approximately 75% of patients can discontinue sulfonylurea without experiencing a worsening of glycemic control, and with extensive bodyweight reduction and improvement in metabolic parameters. Maintaining sulfonylurea treatment at the lowest dose, however, can ensure better glycemic control without increasing hypoglycemia, although bodyweight reduction and improvement in metabolic parameters are limited compared with discontinuation of sulfonylurea. Whether sulfonylurea should be discontinued or maintained at the lowest dose should depend on the purpose of initiating SGLT2i therapy. In addition, HDL-C level, sulfonylurea dose and patient age should be considered. Values are n (%) of patients. Discontinuation group, the group that discontinued sulfonylurea; Low-dose, the group that maintained sulfonylurea, but at the lowest dose.
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Figure S1 | Receiver operating characteristic for the cut-off value of sulfonylurea dose and age to identify non-exacerbation of glycated hemoglobin in the group that discontinued sulfonylurea. Figure S2 | Incidence of hypoglycemic episodes in the group that discontinued sulfonylurea compared with the group that maintained sulfonylurea, but at the lowest dose, during the study period.
